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Abstract
Even though there are several differences and disadvantages for SMEs, there are also
some advantageous aspects for them, including the possibility of adopting simpler life
cycle engineering methods and avoiding organisational problems that are typical in largesized company. They should make their own suitable strategies based on understanding
the relation of economical, technical, and environmental aspects.
The framework with economical, technical, and environmental aspects is an approach
for analysing environmental activity of general organisations. Relative importance of
three aspects is dependent on several conditions of company such as capital sufficiency,
technical outstandingness, and strictness of governmental legislation. In any case all the
three aspect should not be ignored; the temporal situation will be changed and three
aspects ultimately act as basic axes for environmental management.
The environmental decision support system (DSS) can be a relatively cheap and costeffective tool to SMEs, to find the information flows to describe the requirement of
decision support. The information is used for the environmental improvement of product
systems, to support corporate policy detail targets via appropriate documentation and
communication. The characteristics of DSS for small and larger organisations would be
quite different, because the situation of problem is different.
DSS for SMEs should be simple, act as information acquisition tool, and it must
consider the technical side. For SMEs it is valuable to recommend to start an
environmental design pilot project, to ask for external assistance, and to join forces
horizontally as well as vertically

1. Introduction
As environmentally sound product and production process have been focused, the
importance of small and medium-sized enterprises (SMEs) has become more critical,
based on their involvement in whole production chain. The related groups such as
government and upper-chain companies are imposing eco-effectiveness on their
product and production process.
A limitation of environmental management as an academic discipline today is its
generalisation on large companies, for their individual and considerable
environmental impact. SMEs hardly have been studied so far, whilst they have an
individually insignificant, but collectively high environmental impact. The
importance of the accumulated environmental impact of SMEs has been detected in
many countries [Hemel, 1998].
The existing programmes and training materials are oriented towards those large
companies that have a greater organisational capacity to incorporate environmental
concerns and are confronted more directly with public concern about their
environmental impacts [Rowe and Hollingsworth, 1996]. Even though SMEs are not
smaller versions of larger companies, most of the environmental management theory
assumes the uniformity of structures of business.

The research question in this article is what is the environmental strategy for SMEs
considering technical and economical situation. The aim of this article is
conceptualisation of agreeable strategies for SMEs in the situation that most of
suggested environmental policies and theories are for large organisations. It is
stressed on internal strategy, rather than external support scheme. Decision support
system is introduced for solving the ill-structured problem around the planning and
evaluation of their product and process, and giving relatively cheap and cost-effective
tool. It is relevant to sustainable development because it is an agreed assumption that
SMEs are responsible for a significant proportion of industrial environmental
impacts, so they are an important audience to engage if environmental performance of
business sector is to be improved overall.
2. Distinguished Features of SMEs
2.1. Difference of SMEs
The most commonly used definition of SME is the organisation with fewer than
250 employees [Palmer and France, 1998]. The rapid expansion of research on
environmental management and sustainable development throughout the 1990s has
tended to bypass the SME sector [Hutchinson and Hutchinson, 1995]. The primary
vehicles for environmental management can be categorised as following:
•
•

Obligatory measures, in the form of stricter legislation that obliges firms to
act. Additive requirements are given by government or social organisations.
Voluntary initiatives for environmental management systems, such as ISO
14000 series. It is because that it can be one of the competitive weapon
through differentiating their products or corporate image from their
competitors.

Yet the voluntary initiatives such as the standards for environmental management
systems offer an approach to changing organisational and management practices that
is based on the strategies and experiences of large organisations. The standards are
perceived by SMEs to be bureaucratic, based on very formalised organisational
structures, dependent on paper-based communication, and time-consuming and costly
to implement [O'Laoire & Welford, 1995; Palmer & Vorst, 1996]. The organisational
structure of SMEs and their production processes are usually less complex.
SMEs are generally not inclined to seek outside involvement and commitment
[Rowe and Hollingsworth, 1996]. Hutchinson and Chaston [1994] concluded that
SMEs work more ad-hoc and with short-term objectives than larger companies in
applying strategic management and setting goals. It is because that typical SMEs are
less equipped for strategic decision-making than larger companies. Development of
new technology and management system, and corresponding manufacturing and
organisational management are restricted because of several areas such as personnel,
structure, and working condition. So it is so natural that considering environmental
management receives lower priority than other tasks and is looked away, if any
stimuli are not provided. However nowadays environmental management is focused
more or less because of the stimuli.
2.2. Stimuli for Greening Strategy

Empirical studies [Hemel, 1998; Rowe and Hollingsworth, 1996] demonstrated the
types and relative importance of external and internal stimuli for environmental
management:
External stimuli. The types of external stimuli for environmental management in
large companies correspond to types of external stimuli in SMEs. The main driving
forces for environmental management in SMEs are legislation and regulation,
especially imposed by government. Government regulation is the most significant
driving force for environmental management, both in small and larger companies.
Consumers, investors, industrial customers, pressure groups and employees are also
included as external stimuli for environmental management. It also includes the
improvement of competitiveness by satisfying environmental standards, the
improvement of working condition as employee welfare, and financial support for
environmental activities.
Although the types of stimuli for environmental management are similar, their
relative importance between small and large companies differs significantly. Up to
the present day environmental legislation has concentrated on the larger companies,
sometimes causing confusion in SMEs. So SMEs are generally less well-informed
about government regulations. The key incentives for SMEs to improve their
environmental performance are cost reduction, customer demand, and to a much
lesser extent, environmental legislation. While pressure from environmental
legislation is theoretically relevant for SMEs, in practice it is still relatively weak.
Internal stimuli. A commitment to reduce the environmental impact can be a
strong internal stimulus to introduce environmental management in SMEs. The
personal commitment of a SME's management towards environmental issues can be a
very significant internal stimulus, because owner-managers in SMEs usually have a
very strong influence. The higher level of efficiency caused by environmental
management is perceived as a relevant internal stimulus by SMEs. However it is not
regarded as so important stimulus because the organisational structure of SMEs and
their production processes are usually less complex, as mentioned earlier.
2.3. Advantages of SMEs
There are some advantageous aspects for SMEs. Normally typical life cycle
assessment imposes capital burden on enterprises, but SMEs can adopt simpler life
cycle engineering methods. In addition, because SMEs need not consider inter-plant
aspect as multinational companies, the size and complexity of decision making
structure can be reduced. Moreover, some possible organisational problems that are
typical in large-sized company can be managed relatively easy. Some mistakes on
implementing strategies are caused by unqualified application of existing
methodologies. They should make their own suitable strategies based on
understanding the relation of economical, technical, and environmental aspects,
including interactive cooperations and alliances. Supportive discussion on
information providing for international communication also can be a good approach.
3. The Three Aspects
Economical, technical, and environmental aspects are considered in business
activities, especially in manufacturing. The economical viewpoint concerns about the
requirements of stakeholders, the technical viewpoint concerns about the product
system, the product over its life cycle with all process, and the environmental

viewpoint concerns the impacts of product system on environment. It can be depicted
as Figure 1.
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Figure 1 Relations of economical, technical and environmental aspects
The company can control the economical and technical viewpoints, for both of the
environmental impact and environmental improvement are determined by technical
activities. It has been considered that the difficulties exist on both of them for SMEs'
environmental management. For economical viewpoint, the lack of financial resource
is representative and it is resulted as the constraints on technical investment. At the
same time, since the resources of SMEs are usually more limited than those of their
larger counterparts, they are strongly dependent on investors. The pressure exerted by
investors regarding environmental issues is taken seriously by SMEs. For technical
viewpoint, the adoption of eco-efficiency technology has been hesitated because of
risk and priority. Typical SMEs work with short-term objectives, and they do not
have enough capability to consider technical aspect, such as innovative introduction
of new technology or life cycle assessment. Even though investment, the introduction
of improved technology, implies economical gain, economical restriction is more
critical for SMEs.
It is possible to think that technical availability is deeply related with and
dependent on economical constraints, i.e., the relations among the three viewpoints
can be simply regarded as those between environment and economy. Traditionally it
has been thought that the relation between them is only the environmental impact
caused by economical activities. The impact has acted as cost for companies.
However, it also can be asserted that economical performance is affected by
environmental performance. Environmental performance differentiates their product
from those of their competitors. Economical performance should be assessed with
long term viewpoint, because the effect of environmental investment cannot be
shown immediately.
It is important to note that technical aspect should not be ignored, though it is
restricted by economic conditions in SMEs, because analysing technical aspect is
inseparably related with environmental improvement. Moreover technical aspect is
focused if their technology is outstanding and it is guaranteed to have leading power

among interested group. In this case the consideration is mainly focused to technical
and environmental aspect. Environmental improvement can be achieved through
technical consideration represented by life cycle approach, and it can be a key for
satisfying governmental regulation and acquiring economical gain. However, in this
case also, the highly constrained investment scope makes SMEs hesitate to promote
technical investment before the return on investment aspects are not thoroughly
assessed. Kirchhoff [1998] asserted that innovative efforts in SMEs based on the
limited investment scope are quite often focused towards product innovation and less
to process innovation.
Planning of eco-effective product is the representative interface among technical,
economical, and environmental aspects. So far, environmental aspects have not been
taken into account in product planning. However surely one should also consider
environmental aspects in product planning because of the relation described above.
What is needed in production planning is a structured model for clarifying the
requirements and considering and integrating the interdependencies and conflicts of
technical, economical, and environmental aspects of production system. Life cycle
approach such as environmental impact assessment metrics will be of limited value
unless the impact of decisions on other performance parameters of the system can be
quickly and accurately assessed by system designers.
As the relations of each interest group become more complex, the amount of
associated information increases. To make the decision process more effective,
facilitated access to relevant information should be prepared. Environmental data
must be available to appropriate project management staff with appropriate timing
and depth of analysis. One of the more perplexing issues in the transfer of
environmental consideration to the requirements of industrial product planning and
performance assessment is the question of how to quantify or express poorly-defined,
ill-structured information. An information system which can support the decision
making process is vital to solve this situation.
4. Decision Support Systems for SMEs
The environmental decision support system (DSS) for planning eco-effective
product or assessing the performance of the product can be a relatively cheap and
cost-effective tool to SMEs.
A DSS can be defined as a system that provides information in a given domain of
application by means of analytical decision models and access to databases, to
support a decision maker in making decisions effectively in complex and ill
structured task [Klein and Methlie, 1995]. In other sentence, the object of DSS is
improving the process for decision making by facilitating evaluation and choosing
procedure, with providing sufficient information environment for decision makers. It
is need to find the information flows to describe the requirement of decision support,
i.e., to find what are required to construct appropriate DSS. Generally, the
information may be used for the environmental improvement of product systems, to
support corporate policy detail targets via appropriate documentation and
communication. The information flows can be depicted like Figure 2 and Figure 3,
focusing on the three aspects in product planning and representative related groups,
respectively.
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Figure 3 Information flows among related groups [Kim et al., 1998]
Formerly, typical EDPSs are also applicable in the area in which all problems are
routine and well structured. However, surely not all decision making process is not
routine and repetitive. Especially, the level of decision making is higher, the portion
of ill-structured problems is more increased. For ill structured problem, there is no
known and clear method of solution because they arise for the first time, or because
the nature of them itself is complex and unclear.
Because of the bounded rationality of human being, there is certain limitation in
processing information. Moreover, if the information that would be treated is
complex and unclear, enough consideration for problem cannot be made. We can use
the strong point of some computerised system in this stage. The computer supports
the decision making process during the human investigates in the process, by
furnishing pertinent information, thus creating a human computer decision making
system [Bonczek et al., 1981].

It is generally accepted that computerisation can make processes efficient, even
though there also are some drawbacks. With adopting DSS, the representative
improvements concerning efficiency are reduction in time and cost.
The general implications of DSS for environmental management cannot be
seriously different for small and larger organisations. However the characteristics of
DSS would be quite different. That is because that the situation of problem is
different, including the number of involved persons in a task, the number of levels of
decision making, available budget, etc. In the past information systems which were
partially applied in SMEs caused computer-island problem because information
technology was quite expensive and its performance was restricted.
DSS for SMEs should be simple. They do not want sophisticated information,
because typical SMEs are less equipped for strategic decision-making than larger
companies. They tend not to look as far ahead into the future as their larger
counterparts. It can be hardly thought that DSS for SMEs treat inter-plant
information. Moreover, many of them have less capital to invest in constructing DSS.
DSS should act as information acquisition tool. As mentioned above SMEs are
generally less well-informed about government regulations, because up to the present
day environmental legislation has concentrated on the larger companies, and
sometimes causing confusion in SMEs. It is not only for information regarding
governmental side; it also regards demand side of their product, and stakeholders of
the company.
DSS must consider the technical side. Technical analysis is directly related with
environmental improvement and it can be a key of overall performance. The impact
of technical consideration, including impact of new technology introduction and life
cycle assessment, is not easily analysed and the tool for systematising and automating
analysis process.
5. Recommendations for SMEs and Summary
Hemel [1998] listed some valuable recommendation for SMEs on greening
strategy:
Starting an environmental design pilot project. The project will be best if it is
focused on a product that the company wants to redesign. Environmental design can
serve as a stimulus to rethink the design of a product. It needs not to be complex. To
visualise the effect of the system in SMEs, practical effort for improving a process is
more important than complicated organisational structure. Understanding processes
and making new resource from waste is as important as cleaner production based on
new facilities and technology.
Asking for assistance. It is also considerable to link up with existing environmental
design support programmes. Since SMEs keep busy dealing with their daily business
affairs, it would be better to ask for external assistance. Hillary [1995]'s survey-based
study of SMEs for Groundwork found that SMEs tended to be ill-informed about
what sources of help were available. She perceived a gap between SMEs and the
support services that were available. Besides these voluntary initiatives, and a range
of one-off seminars and conferences, the UK central government has also offered a
number of ongoing schemes intended to provide information that may be necessary
for an organisation to improve both energy and environmental performance [Palmer
and France, 1998]. Some of these schemes are targeted at SMEs alone, while others

are aimed at all sizes of organisation. Some are explicitly intended to support the
voluntary standards, while others are not related to them.
Joining forces horizontally as well as vertically. It is reasonable to think that the
company can take benefit from cooperating with other companies. It is persuadable in
particular for SMEs. Horizontal cooperation might persuade suppliers to develop
more eco-efficient technologies or materials. Vertical cooperation is also
recommended because it helps to designate environmental design responsibilities to
those partners in the product supply chain who really are responsible for a specific
environmental design task.
The environmental impact from the aggregated set of SMEs is surely significant.
SMEs has different characteristics with other larger organisations and many of them
are disadvantages for them, such as shortage of budget and personnel. However it
cannot be a tolerant condition for them because legislation and competitions in many
cases are imposed equally for every organisation. To be competitive to larger
organisation, it is necessary to adjust existing theories and frameworks for
environmental management that is mainly for larger counterparts. Besides the way of
support for SMEs, the way of becoming competitive by themselves should be focused
for research.
The framework with economical, technical, and environmental aspects is an
approach for analysing environmental activity of general organisations. Relative
importance of three aspects is dependent on several conditions of company such as
capital sufficiency, technical outstandingness, and strictness of governmental
legislation. In any case all the three aspect should not be ignored; the temporal
situation will be changed and three aspects ultimately act as basic axes for
environmental management.
DSS in this article does not necessarily mean computerised system. A systematic
structure itself for decision making is DSS, and computerisation is just optional,
whilst it is often desirable and implicitly recommended.
It is worthwhile to note that technical aspect of environmental management does
not only mean new technology introduction. Improvement of processes and effective
waste management with life cycle approach are as important as the former, and often
they are more important according to the condition of SMEs.
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